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8. SUMMARY OF THE INVENTION SHEET 3 OF 

A. GIVE A BRIEF DESCRIPTION OF YOUR INVENTION. PARTICULARLY POINTING OUT WHAT IS BEUEVED 
TO BE NOVEL (THE TIEARr OF WHAT IS NEW). 

We disclose a fabrication technique for ultra-low contact resistances in GaN-based FETs. Recent rapid 
progress in GaN HFET technology provides convincing evidence that it will ultimately have a dramatic impact 
on a wide range of systems, including future generation radar and satellite communications system 
Fundamental to the viability of GaN device technology is its fabrication process; of which the ability to make 
low and reproducible ohmic contacts to the channel of the device is of imperative importance. The wide band- 
gap bamer layer, AlGaN, common in GaN-based HFETs renders it impossible to obtain low and reproducible 
contacts to the underlying channel using conventional alloy contact method. We have developed and optimized 
a fabncation process that would solve this problem and reduce the contact resistance by an order of magnitude 
(lOX) m GaN HFETs. Thereby, dramatically improve the microwave power and low noise performance of 
GaN device technology. 

We demonstrated the potentials of this fabrication technique via the high performance obtained by the GaN 
MODFETs fabncated using this technique. The excellent performances obtained on these devices are 
convmcmg evidence of the suitability of this technique for obtaining ultra-low contact resistances in GaN- 
based HFETs. 

^' V^mNE%m^LY7)' ADVANTAGES OF YOUR INVENTION. (WHAT WILL THE INVENTION DO BETTER 



Conventional alloy contacts in GaN-based HFET usually resulted in contact resistance of 2.0 Cl-mm, which is 
ten times that of GaAs-based devices. This high contact resistance would lead to very poor DC and RF 
performance of the devices. We have developed a self-aligned ohmic recess etching technique by reactive ion 
etchmg to thin down the wide band-gap barrier layer, AlGaN, thereby enable excellent ohmic contact to the 
channel of the devices. Systematically optimizing this technique enable us to obtain contact resistance as low 
as 0.2 Q-nun for GaN-based HFET. This is the lowest contact resistance reported for this material system. 
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8. SUMMARY OF THE INVENTION (Continued) SHEET 4 OF 

C. IDENTIFY THE COMPANY PROGRAM OR PRODUCT LINE TO WHICH THE INVENTION APPUES. AND THE EXPECTED VALUE 
TO THE PROGRAM OR PRODUCT LINE. ALSO IDENTIFY POTENTIAL COMMERCIAL APPUCATION OF THIS INVENTION 
INCLUDING AUTOMOTIVE APPUCATIONS. IF ANY. 

This invention applies to all programs and product lines related to microwave power and low-noise amplifiers. 
The following programs are particularly benefited by this invention: 

■ Active array radars at X-band: >$ lOOM 

■ Power amplifiers for Wireless Satellite/Communications applications: >$200M 
We are currently funded for these programs by Raytheon System Company 

D. IDENTIFY THE PRIOR ART KNOWN TO YOU WHICH IS IMPROVED UPON OR DISPLACED BY YOUR INVENTION. AND STATE 
IN DETAIL. IF KNOWN. THE DISADVANTAGES OF THE CLOSEST PRIOR ART. 

The conmion approach in compound semiconductor to obtain good ohmic contacts is to alloy the metal 
contacts above a certain temperature. This approach works very well for GaAs and InP-based materials and 
devices. However, for GaN-based materials, this approach would yield unacceptable high contact resistances. 
The fundaniental problem is the wide band-gap barrier layer, AlGaN, in GaN-based HFET structures. The 
AlGaN barrier layer inhibits the ohmic metals from diffusing into the channel and form proper contacts. In 
order to mitigate this diffusion limitation and facilitate good ohmic contact to the channel of the device, we 
have systematically thin down the barrier by reactive ion etching the AlGaN barrier away. 
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9. DETAILED DESCRIPTION 

DESCRIBE YOUR INVENTION IN DETAIL. USING NECESSARY ADDITIONAL SHEETS 

A. BE SURE THAT EACH SHEET IS DATED, AND SIGNED BY EACH INVENTOR AND TWO WITNESSES. 
(HAC FORM 236C-6 CS SHOULD BE USED, IF PRACTICAL), 

B. ATTACH COPIES OF DRAWINGS OR DETAILED REPORTS HELPFUL IN UNDERSTANDING HOW YOUR 
INVENTION WORKS 

C. IF YOUR INVENTION HAS BEEN TESTED, BRIEFLY SUMMARIZED THE TEST RESULTS WHICH CONRRM THE 
FUNCTIONS AND ADVANTAGES LISTED IN 8 B ABOVE, 

The self-aligned ohmic recess etching was done prior to ohmic metallization. The detailed ohmic metallization 
scheme for GaN-based HFETs is listed below: 

1 . Ohmic pattern definition by photolithography 

2. Ohmic recess etching using Chlorine-RIE with the following conditions - 

• DC bias - lOOV 

• Chamber pressure - 5 mT 

• CI2 Flow rate ~ 10 seem 

3. Metallization with Ti/AL'Ni/Au metals 

4. Contacts alloying at SIS^'C 

The etch-rate of the Chorine (CI2) RIE was systematically characterized, and shown in Figure L Based on this 
etch-rate, we have optimized the ohmic recess scheme and achieved contact resistance of 0.2 Q-mm (figm-e 2). 
This contact resistance is the state-of-the-art for this material system. 
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Figure 1: Etch rate characteristics of CI2-RIE for GaN ohmic recess etching. 
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Figiire 2 - Contact resistance as a function of etch-time (i. e. etched tiiickness); a 15X improvement in contect resistance i 
obtained. 
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